Next we asked how altering the rate of endocytosis At different hours post implantation (hpi), we analyzed by various regimens would influence Fgf8 protein propaspreading of the labeled protein through the forming gation through Fgf8-receiving tissue of host embryos. neuroectoderm by laser scanning confocal microscopy In these experiments, instead of Heparin beads, we in living embryos (Figure 1 ). After 1, 2, and 3 hpi, Fgf8-transplanted small groups of cells expressing Myctagged Fgf8 through the secretory pathway to the animal
post transplantation (hpt), embryos were fixed at the 60% epiboly stage, and Fgf8:Myc protein was detected by immunocytochemistry. In embryos with normal endocytosis, Fgf8:Myc was localized in vesicular structures within the receiving cells at a maximum distance of 9 cells from the source (Figures 2B and 2BЈ) , similar to the case of Fgf8-Cy3. We detect Fgf8 only after it accumulates in vesicles ( Figures 2B and 2BЈ) , probably because of its low concentration in the extracellular matrix (ECM). In the host embryos, we altered the rate of internalization by interfering with receptor internalization, down-regulating or stimulating the endocytic pathway, or blocking vesicle fission. Internalization was decreased by injecting a dominant-negative, mutated form of the Fgf receptor XFD [16] , which lacks the intracellular tyrosine kinase domain required for receptor-mediated internalization [17, 18] . Instead of the intracellular localization of Fgf8 observed in wild-type siblings, host embryos injected with XFD mRNA show an accumulation of Fgf8:Myc protein in a "honeycomb" pattern around the receiving cells (Figures 2C and 2CЈ ; n ϭ 8 embryos examined), reflecting the extracellular accumulation of Fgf8. Furthermore, Fgf8 protein is observed at greater distances from the source than in uninjected control embryos (Figures 2B and 2C; 15 cells away from source after 2 hr, compared to 9 cells in control embryos; n ϭ 6). To determine if endocytosis is required for Fgf8 uptake, we inactivated Rab5 function by injecting RN-tre, a GTPase-activating-protein that specifically acts on Rab5; it converts it into the inactive Rab5-GDP form [19] , thus down-regulating Rab5-dependent endocytosis. Similar to XFD-misexpressing host embryos, Fgf8 was absent from intracellular vesicles and accumulated extracellularly at a greater distance from the source (Figures 2D and 2DЈ ).
In the converse experiment, we stimulated internalization by injecting 200 pg zebrafish rab5a or rab5c RNA into the host embryos. Compared to that of uninjected wild-type siblings, the range of Fgf8:Myc spreading was reduced in embryos overexpressing Rab5, and the size of Fgf8-positive compartments was increased (Figures 2E and 2EЈ, diagrams), as described previously for early endosomes in tissue culture cells [20] . These results show that Fgf8 is taken up via Rab5-dependent endocytosis and that Rab5 activity and endocytosis can influence the range of Fgf8 protein spreading through tissue. Figure 4N ).
4E-4H). We found that expression of target genes was
Next, we sought to specifically knock down Rab5-broadened in both germ layers, whereas fgf8 expression dependent endocytosis. We injected morpholino-antiat the source was barely changed. In RN-tre-mRNAsense oligonucleotides (MO) that specifically block the injected embryos, Fgf8 expression was slightly intranslation of Rab5a, which resulted in a broadened creased, from eight to ten cell rows ( Figure 4E ). Imporexpression of spry4 ( Figure 4O ). In control experiments, tantly, pea3 was induced in 23 cell rows (Figure 4F) , erm the specificity of the rab5a MO was confirmed by coinjecting a noninhibitable form of rab5a mRNA that lacks in 29 cell rows (Figure 4G) , and spry4 in 37 cell rows the MO binding site into one of two blastomeres (Figure 4O) .
To explore further the relationship between endocytosis and Fgf8 activity, we stimulated endocytosis at various levels by injecting different concentrations of rab5a mRNA. Injected embryos also received a bead coated with a constant amount of Fgf8 protein at the animal pole and implanted at 30% epiboly ( Figure 5) . In control siblings, spry4 target gene induction was observed around the bead at a width of 16 cells after 3 hpi ( Figures  5A and 5D) . In embryos injected with 125 pg and 250 pg rab5a RNA, the induction of spry4 was severely decreased, to a width of 11 cells and 8 cells, respectively (Figures 5B-5D) . Thus, normal levels of endocytosis are evidently not needed for Fgf8 signaling to occur. Instead, we suggest that endocytosis serves to restrict spreading of Fgf8 protein away from the source, by clearing implanted the cells close to the source of Fgf8 at the blastoderm margin. In a second set, the cells were implanted at a distance from the source, into the animal pole region. At 60% epiboly, the embryos were analyzed with a probe against the target gene spry4. Clones located close to the source showed a strong response to Fgf signaling, even stronger than the endogenous expression of spry4 in the margin (Figures 6C and 6CЈ) . In addition, host cells surrounding the clone were often positive for spry4 ( Figure 6CЈ, yellow arrows) , which may reflect a higher level of Fgf8 protein accumulating in the area of the clone. Importantly, clones of cells that are located at a distance from the source did not show any expression of spry4 (Figures 6D and 6DЈ ) although cells in this position are able to respond in embryos when globally injected with RN-tre (compare to Figure 3D) . Therefore, the wild-type cells located between the Fgf source and the clone block the ability of clones to respond. We suggest that they take up and degrade the Fgf signal emitted from the blastoderm margin and, consequently, prevent the response of cells located at the animal pole. In summary, our work suggests that Fgf8 operates as a key signaling molecule in vertebrate embryonic development by extracellular diffusion that can be limited by restrictive clearance, an endocytosis-based ploy extracellular diffusion to signal during Xenopus mesoderm development, although it is unclear whether
